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Complexation of iron(lll) with the heterodonor chelating agent 3,5-
di-tert-butylsalicylidene benzoylhydrazine, Hy(3,5-Buy)salbh, in the
absence or presence of a base affords the complex cation
[Fe{ H(3,5-Bus)salbh} ,]* or the neutral compound [Fe{ H(3,5-Buy)-
salbh}{(3,5-Bu,)salbh}], respectively, as revealed by single-crystal
X-ray analyses. Such a synthetic and crystallographic demonstration
of the coordination versatility of an aroylhydrazone toward iron is
uncommon. The oxidation and spin states of the iron have been
verified with magnetic and spectroscopic measurements.

The siderophore desferrioxamine (DFO), produced by
Streptomyces pilosuis used worldwide as a chelation drug
for patients suffering from iron-overload diseases or chronic
iron poisoning (e.g.#-thalassemia and hemochromatosis).
Chelation therapy demonstrates that effective iron regulation
is antitumof and antimalaridlin humans by depriving cancer
cells and malarial parasites, respectively, of iron, an essential
ingredient for proliferation. The major drawback of DFO is
that this drug is not orally active and, thus, has to be

administered by subcutaneous infusion over extended periods

of time# Aroylhydrazones, such as pyridoxal isonicotinoyl-
hydrazone (PIH) and its analogues, are increasingly recog-
nized for their potential applications in iron chelation
therapy?3° The emergence and rapid development of these

polydentate chelators underscore the urgency to produce a
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wide range of affordable alternative iron-chelating drugs and
to design novel strategies for drug administration.

Despite the vigorous and extensive synthetic endeavors,
crystallographically elucidated aroylhydrazone complexes of
iron are relatively few. Structural interest in such iron
complexes derives primarily from the coordination versatility
of the mixed-donor hydrazone ligands in terms of denfiéity
and tautomerisra Structural characterization is also essential
to illuminating the mechanism of chelation and promoting
strategies for the design and development of chelators for
clinical use. Herein, we present a Communication on the
X-ray crystal structures and physicochemical features of a
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Scheme 1 . Metal- and Base-Assisted Ketd&nol Tautomerism of
H2(3,5{Buy)salbh and Reversible Deprotonation

tautomerism

H,(3,5-Bu,)salbh

H,(3.5-Bu,)salbh
(enol form)

(keto form)

—2H"

pair of iron(lll) complexes with the potentially tridentate
ligand 3,5-ditert-butylsalicylidene benzoylhydraziney(3,5-
‘Bup)salbh (Scheme 1). Of particular importance in this
current study is the crystallographic demonstration of the
tautomeric maneuver of the aroylhydrazone ligand to form
both cationic and neutral iron(lll) complexes with the same
ligand-to-iron stoichiometric ratio depending on the reaction
conditions. To the best of our knowledge, such a synthetic
study backed up by crystallographic analyses is not common
for iron aroylhydrazones.

The ligand H(3,5!Buy)salbh was produced from the
condensation reaction of equimolar amounts of 3,fedi-
butylsalicylaldehyde and benzhydrazide in a refluxing mix-
ture of equal volumes of MeOH and EtOH. Treatment of

H2(3,5'Buy)salbh with 0.5 equiv of Fe@l6H,O in the
presence of 2 equiv of Bt afforded the electrically neutral
complex [F€H(3,5!Buy)salbh} { (3,5!Buy)salbt} ]-EtOH-H,O
(1-EtOH-H,0) as dark brown blocks of crystals ia70%
yield. The cationic complex RK&l(3,5!Buy)salbl},]Cl-
1.5MeOHO0.5EtOH @-1.5MeOHO0.5EtOH) was synthesized
by an analogous procedure in the absence of a base, yieldin
dark green blocks of crystals n90% yield. The chemical
compositions of these iron(Ill) compounds were formulated
from microanalytical dafaand subsequently verified defini-
tively by single-crystal X-ray analysé$.Characteristic
features ofl and 2 readily observable in IR spectroscopy
include the vibrations of theéert-butyl, azomethine, and
amide groups. Theert-butyl substituent groups are con-

(9) Elem anal. Calcd forl-EtOH-H,O: C, 67.23; H, 7.48; N, 6.82.

Found: C, 66.71; H, 7.70; N, 6.79. Calcd f11.5MeOHO0.5EtOH:
C, 64.54; H, 7.28; N, 6.47. Found: C, 64.17; H, 7.24; N, 6.50.

(10) Crystal data: [ReH(3,5'Bup)salbi}{(3,5!Buy)salbt}]-EtOH-H,O (1-
EtOH-H,0), CaeHs1N4OsFe, M = 821.84, monoclinic, space group
P2i/c, a = 13.3760(3) Ab = 31.0562(6) Ac = 11.8253(2) A =
91. 458(17 U =4910.73(17) K Z =4, T = 293(2) K,D, = 1.112
Mg m~3, u = 0.353 mnt?, reflections measured 10 390, reflections
unique= 5522, reflections observetl $ 25(1)] = 3680, R1= 0.0932,
WR2 = 0.2534; F¢H(3,5/Buy)salbl},]Cl-1.5MeOHO.5EtOH @-
1.5MeOHO.5EtOH), Gg Hs3N4OsClFe,M = 865.34, triclinic, space
groupP1, a = 11.7994(2) Ab = 13.6595(2) Ac = 15.0346(3) A,
o = 88. 266(17 p = 86. 454(17 y = 88.827(1}, U = 2417. 02(7)
A3, Z=2,T=293(2) K,D; = 1.179 Mg n73, x4 = 0.414 mnt?,
reflections measured 16 128, reflections unique 10 997, reflections
observed [ > 20(l)] = 8532, R1= 0.0620, wR2= 0.1602. The
hydrogen atoms of the keto form of the ligand (H2a and H2b) were
located from the difference Fourier map.
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Figure 1. X-ray crystal structures ol and the complex cation o2,
[Fe{ H(3,5Buy)salbl} 5]2*. Selected bond distances (A) and angles (deg)
for complex1: Fel-Nla 2.115(6), FetN1b 2.066(7), FetOla 1.900(5),
Fel-O1b 1.899(5), FetO2a 2.106(6), FetO2b 2.040(5), C7aNla
1.239(10), C7b-N1b 1.301(10), C8aN2a 1.338(11), C8bN2b 1.324(10),
C8a—02a 1.250(9), C8b02b 1.289(9); OlaFel-0O2a 154.4(2), Olb
Fel-02b 158.4(2), NlaFel-N1b 169.8(3), OlaFel-Nla 83.5(2),
O1b-Fel-N1b 84.3(2), O2aFel-Nla 73.5(2), 02bFel-N1b 75.0(2),
Ola-Fel-O1b 100.1(2), OlaFel-02b 91.9(2), O2aFel-01b 92.2(2),
0O2a-Fel-02b 84.2(2), OlaFel-N1b 106.6(2), O2aFel-N1b 96.9(2),
1b—Fel-N1la 92.5(2), O2bFel-N1la 106.8(2). Selected bond distances
A) and angles (deg) for compléx Fel—N1a 2.118(2), FetN1b 2.131(2),
Fel-Ola 1.898(2), FetO1lb 1.879(2), FetO2a 2.097(2), FetO2b
2.053(2), C7arNla 1.286(4), C7bN1b 1.292(3), C8aN2a 1.323(4),
C8b—N2b 1.330(4), C8a02a 1.256(3), C8b02b 1.255(3); OlaFel—
0O2a 157.07(8), OlbFel-02b 152.75(9), NlaFel-N1b 164.77(9),
Ola-Fel-Nla 82.92(8), OlbFel-N1b 83.26(8), O2aFel-N1la 74.34(8),
0O2b—Fel-N1b 74.04(8), OlaFel-O1b 99.35(9), OlaFel-0O2b 95.99(9),
02a-Fel-01b 86.51(9), 02aFel-02b 88.07(9), OlaFel-N1b 91.05(8),
O2a-Fel-N1b 111.72(8), OlbFel-Nla 111.47(8), O2bFel-Nla
92.63(8).

spicuous by their typical absorption patterns between 2860
and 2960 cm?, and the presence of the= (imine) and
C=0 (amide) bonds is evidenced by the prominent vibra-
tional bands around 1590 and 1610 ¢prespectively.
Complexesl and 2 crystallized in the monoclinic space
groupP2y/c and triclinic space groupl, respectively® The
X-ray crystal structures of and the complex cation
are depicted in Figure 1. Four monomers, connected through
a network of hydrogen bonds between the hydrazone ligands
and the solvent molecules, reside in the crystallographic
centrosymmetric unit cell of. Each iron center exhibits a
distorted octahedral geometry comprising two inequivalent
tridentate ligands coordinated in a meridional fashion and
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positioned very nearly perpendicularly to each other. Close Indeed, the room-temperature magnetic susceptibility
inspection of the bond distances reveals that one of themeasurements oi-EtOH-H,O and 2-1.5MeOHO0.5EtOH
ligands (ligand b) has undergone ke&nol tautomerism gave the effective magnetic momenisd = (8ymT)¥4 5.79
(Scheme 1). Comparison of bond distances in comflex and 5.94 ug, respectively, consistent with a high-spin
shows considerable differences between the two tautomericconfiguration & = %) for the iron(lll) center jis = {43(S
forms of the ligand, especially within the five-membered + 1)}¥/4.112bThe spin state of these iron(lll) compounds is
rings (Figure 1). The G802, N1-N2, and N}-C7 bonds in conformity with the moderate ligand-field strength,(
in the keto form (1.250, 1.387, and 1.239 A) are shorter than donor set) and the bulky substituent groups. The electron
the corresponding bonds in the enolate form (1.289, 1.415, paramagnetic resonance (EPR) spectrd ahd 2 support
and 1.301 A), congruent with the chemical structures of both the magnetic observation. The EPR spectrurh, sécorded
forms (Scheme 1). The enolate form (ligand b) is also found in a frozen EtOH/MeOH (5:2, v/v) solution at 77 K, consists
to be more strongly coordinated to the metal center with of an intense resonance@t= 4.28 and a very weak one at
shorter Fe+02 and Fet+N1 bonds (2.040 and 2.066 A) g = 8.63 (Figure 2Sa in the Supporting Information),
than the corresponding ones in the keto form (ligand a; cf characteristic of rhombically distorted high-spin iron(lll)
2.106 and 2.115 A). Evidently, the double deprotonation of complexeglab12The EPR spectrum & (g = 4.28 and 8.97)
ligand b enhances the delocalization of electrons across thds very similar to that ofl, indicative of similar coordination
ligand framework and increases the basicity of the imine environments. As is usually the case with high-spin iron(lIl)
nitrogen and enolate oxygen. As expected, the relatively phenolate complexes, the electronic spectrd ahd?2 are
incompressible FeOgnenoiate bONd is unaffected by the  dominated by charge-transfer absorptions in the visible region
tautomerism. Like most six-coordinate iron(lll) Schiff base (Figure 2Sb in the Supporting Information). The higher-
complexe$9-9 the imine nitrogens il coordinate to the  energy visible absorptions (shoulders at 390, 450, and 480
metal center in trans positions; on the other hand, the nm in both complexes) are associated with the phenolg}e (p
phenolate oxygens occupy cis positions, as do the keto and— iron(lll) (d,-) charge-transfer transitions, whereas the
enolate oxygens. Clearly, the electroneutrality of comglex lower-energy absorptions [570sh§x ~ 2200 dni mol™*
was attained through the base-assisted ketml| tautom- cm 1) (1) and 578 NM €max ~ 2700 dni mol~ cm™?) (2)]
erism. Interestingly, in the related neutral aroylhydrazone are attributable to phenolate,jp— iron(lll) (d+) charge-
complex of iron(lll) [Fe(NIH-H)(NIH—2H)]® (NIH = transfer transitiongt120.¢.13
2-hydroxy-1-naphthaldehyde isonicotinoylhydrazone), both  This work is presently extended to other related aroyl-
coordinated ligands were doubly deprotonated, but one of hydrazone complexes of iron, and an investigation of the
these ligands took the form of a zwitterion with the pyridine pharmacological properties of a wide range of these com-
moiety protonated. Likewise, in the complexes [FeCl pounds is underway.
(PIH)]CI and [FeCy(PIH)(H.O)]CI-H,0 ° the pyridine moi-
ety acts as an internal base. Acknowledgment. This work was Supported by Jagiel-
The X-ray structure of consists of two discrete mono- lonian University and Sultan Qaboos University (Research
nuclear complex cations. Each of the two equivalent aroyl- Grant IG/SCI/CHEM/07/04).

h?lldra;&ntehllgaﬂds C|0(t)rd|nates to.th? |r0n_§||l) 'on me(rjldllo?- Supporting Information Available: CIF files for 1 and2 and
ally wi € phenofate oxygen, imine nitrogen, and Kelo gpp 5y yv-vis spectra forl and?2 (Figure 2S). This material is

OXYQe” dor_10r atoms to form a pseudooctahedral geometry.,yailable free of charge via the Internet at http://pubs.acs.org.
Evidently, in the absence of a base, the aroylhydrazone
remained in the keto form. The versatility of the coordination C701435X
of Hy(3,5!Buy)salbh to iron(lll) has been shown by the
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